Surgical closure of a naturally occurring atrial septal defect remains one of the commonest open heart operations performed in children. It has a low mortality and a low early morbidity, but it does require a median sternotomy, cardiopulmonary bypass, and several days in hospital. Furthermore, with the increasing use of a fenestrated atrial septal patch in high risk right and left sided heart disease the benefits of avoidance of an open surgical procedure are even more obvious. Transcatheter device placement, if comparable in terms of its mortality and morbidity, offers the possibility of avoiding surgery under these circumstances. The Lock clamshell was designed specifically for this purpose.' The main difference between this device and the Rashkind patent ductus arteriosus umbrella is its double articulation, which results in circumferential apposition around its margins. The clamshell device has been used successfully to occlude naturally occurring atrial septal defects, muscular and postoperative ventricular septal defects, and the interatrial communication after the fenestrated Fontan operation.'-3 Unfortunately it is not currently available for clinical use.
We have previously described our modification of the Rashkind ductal umbrella and its use to treat various different intracardiac and extracardiac communications.4 In this study we review our total experience of its use in the closure of interatrial communications.
Patients and methods
Since August 1991 we have attempted to close 17 interatrial communications in 16 patients. Their ages ranged from 5 days to 34 years and their weights ranged from 3 1 to 64 kg. There were 11 patients who had previously undergone a fenestrated Fontan operation three days to 17 weeks previously. This procedure was performed because of a preoperative high risk of a standard Fontan operation-that is, mean pulmonary arterial pressure > 15 mm Hg, main chamber hypertrophy, or complex atrial and ventricular morphology. Ten patients had a 4 mm fenestration placed in a tube of prosthetic material (n = 3) or in the prosthetic portion of a lateral tunnel (n = 7), or in the patch used to close an oval fossa defect (n = 1). In one of these patients, who had pulmonary atresia with an intact septum, persisting cyanosis after successful occlusion of the fenestration was due to shunting through a second tricuspid valve orifice, which communicated between the right atrium and left ventricle. This patient subsequently had a second procedure to occlude this atrioventricular communication (fig 1) chopulmonary dysplasia after neonatal ventilation for hyaline membrane disease. One patient underwent umbrella closure for a persisting large left to right shunt after surgical repair of critical aortic valve stenosis.
METHODS
The umbrella was modified in each case by the methods described previously.4 All but two of the umbrellas used were of the larger 17 mm size. The modified device was loaded and placed by the standard technique developed for closure of the arterial duct in all but one of the cases; one 17 mm device was front loaded into a 9 French (F) sheath with the modification described by Perry and Lock.5
Transcatheter closure of the communication was only attempted in those patients in whom balloon sizes suggested a stretched diameter of< 8 mm, and when balloon occlusion showed satisfactory haemodynamics in the case of the fenestrated Fontan operation. Placement The fenestrated Fontan operation has now these patients. There were no procedural been shown conclusively to decrease the morcomplications. The preoperative arterial oxy-bidity and possibly the mortality of high risk Fontan operations.2 By deliberately leaving a residual interatrial communication systemic cardiac output is maintained at the expense of persisting cyanosis. Subsequent elective clamshell closure is successful in restoring a normal systemic arterial saturation, and improved oxygen delivery in those patients in whom test occlusion yields a satisfactory haemodynamic result. We have shown that it is possible to use a modified 17 mm patent ductus arteriosus umbrella device to the same effect. By placing a bend in each of the arms of the distal and proximal umbrellas it is possible to obtain circumferential apposition so that adequate closure of defects in the patched atrial septum or artificial material of an intra-atrial tube or baffle can be achieved. Indeed, there were no adverse sequelae in our patients. Furthermore, there were no umbrella arm fractures found during six to 23 months follow up. There was only one patient with a naturally occurring atrial septal defect in this group. Although small (8 mm in diameter) there was a significant right to left shunt across it and successful occlusion restored normal resting and exercise arterial saturations with considerable clinical improvement. Finally, we attempted to close a secondary atrioventricular valve orifice, that was allowing a persistent right atrial to left ventricular shunt in one of the patients who had previously undergone a fenestrated Fontan operation. Technically this was uncomplicated, but a residual diastolic right to left and systolic left to right shunt persists 18 months after umbrella placement. None the less, there is only minimal arterial desaturation and no significant left to right shunt was found on oxymetry. All of these patients have avoided surgery, and the benefits of umbrella closure of their defects are obvious.
We were less successful in our group with left to right shunts. There were two important complications. In one there was unexplained embolisation a minute or so after placement, and in the other there was prolapse through the fenestration of one of the arms of the umbrella placed in a pericardial patch to close a primum atrial septal defect in a patient with a hypoplastic left ventricle. At operation, both defects were found to be eccentric, and although the stretched diameter and transoesophageal echocardiogram seemed to be satisfactory at the time of cardiac catheterisation the longest axis in the unstretched state was subsequently shown to be greater than that acceptable for the selected device. Both of the defects were borderline in size and we think that the eccentric nature of the defect allowed prolapse of the device through it and led to these complications. Both patients had uncomplicated surgery, and there were no long lasting ill effects.
There were two patients in whom successful occlusion of secundum atrial septal defect with left to right shunts was achieved. Both of these patients had immediate clinical improvement although one subsequently died due to cardiac tamponade after removal of an indwelling left atrial cannula. At necropsy the device was shown to be completely occluding the atrial septal defect and partially endothelialised only five days after placement (fig 4) . Although representing our entire learning experience we think that these results justify the continued use of the modified umbrella device in symptomatic patients who need surgical closure of a naturally occurring atrial septal defect, or in patients after the fenestrated Fontan operation. We think that this device is not yet suitable for routine closure of secundum atrial septal defects in asymptomatic patients, although it should be possible to expand the indications for its use if a larger device of similar design were available.
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